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Numerical analysis of the cooling effects
for the first wall of fusion reactor
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Abstract

A heat transfer analysis for the two-dimensional (2-D) steady state using finite differ-
ence method (FDM) is performed to predict the thermal behavior of the primary first-wall
(FW) system of fusion reactor under various geometric and thermo-hydraulic conditions,
such as the beryllium (Be) armor thickness, pitch of cooling tube, and coolant velocity.

The FW consists of authentic steel (type 316 stainless steel solution annealed) for coo-
ling tubes, Cu for cooling tubes embedding material, and Be for a protective armor, based
on the International Thermonuclear Experiment Reactor (ITER) report. The present 2-D
analysis, the control volume discretized with hybrid grid (rectangular grid and polar grid)
and Gauss-Seidel iteration method are adapted to solve the governing equations.

In the present study, geometric and thermo-hydraulic parameters are optimized with
consideration of several limitations. Consequently, it is suggested that the adequate pitch of
cooling tube is 22-32mm, the beryllium armor thickness is 10-12mm, and that the coolant
velocity is 4.5m/s-6m/s for 100C of inlet coolant temperature. The cooling tube should
locate near beryllium armor. But, it would be better for locating the center of Cu wall, con-
sidering problems of material and manufacturing. Also, 2-D analysis neglecting the axial
temperature distribution of cooling tube is appropriate, regarding the discretization error in
axial direction.
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Be wall thickness for various values
of V;
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Fig.14 Coolant outlet temperature T, on With
half pitch p for various values of V.
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Fig.15 The minimum temperature of Cu with
half pitch p for various values of V.
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Fig.16 The maximum temperature of SS with
half pitch p for various values of V.
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Fig.17 Variations of average temperature
around the cooling tube along axial
direction z, for 4z=0.1, 0.9, and 2.7m
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